Abstract: Sudden infant death syndrome is a complex and multifactoral process. The classification and definition of the syndrome has changed over time. As knowledge in the genetics of this complex syndrome continues to advance, additional causes of vulnerability have been found, but no single cause has yet been discovered. Over the last 40 years there have also been many advances in the identification of risk factors that make a given infant more vulnerable to succumbing to sudden infant death. There have also been great strides made in decreasing the number of infant deaths from this syndrome by modification of these risk factors, most notably with the initiation of the Back to Sleep campaign. With the initiation of the Safe to Sleep campaign there is hope that sudden infant death syndrome as a component of all sudden unexpected infant deaths can be further reduced.
Introduction
Since sudden infant death syndrome (SIDS) was first defined 43 years ago there have been many changes to both the definition and classification of SIDS. There has also been a shift in the language used to describe sudden infant deaths. SIDS is now considered one type of sudden unexplained infant death (SUID) or sudden unexplained death of infancy. What causes SIDS deaths remains speculative. Are we any closer to identifying which infant will be affected? To better answer this question, the more recent definitions and current classification schemes of SIDS must be reviewed. This review will look at both intrinsic and extrinsic risk factors and how they are related to SIDS as well as how SIDS differs from other forms of sudden infant deaths.
Definitions
SIDS was first defined in 1969 as the sudden death of any infant or young child, which is unexpected by history and which, after a thorough postmortem examination, fails to demonstrate an adequate cause for death. 1 There were problems with this definition and it lacked mention of the presumed onset of the death during sleep. There were initially no exclusion criteria and no discussion of the clinical features common to most cases. Investigation of the death scene/case history was not included in this definition. Despite this very general definition, many studies from all over the world began to report similar profiles of SIDS deaths. These included age distribution (peaking at 2-4 months), on autopsies performed on SIDS cases as well, including prominent intrathoracic petechiae, pulmonary congestion and edema, minor inflammatory infiltrates in the respiratory tract, fluid blood, and empty urinary bladders. 1 The definition was refined in 1989 when the National Institute of Child Health and Human Development put together a group to better define SIDS. 1 The revised definition, not published until 1991, stated that SIDS was "the sudden death of an infant under 1 year of age, which remains unexplained after a thorough case investigation, including the performance of a compete autopsy, examination of the death scene, and review of the clinical history." 4 This definition addresses the aspect of an age limit and emphasizes a review of the clinical history and examination of the death scene, which as mentioned above was felt to be redundant in the initial 1969 definition. 1 In 1992, Beckwith proposed adding classifications or stratifications to the working definition of SIDS.
1 His proposal was not initially accepted. 5 However, in 2004, the CJ Foundation sponsored a meeting in which a panel of experts in the fields of pediatric pathology, forensic pathology, and pediatrics came together to revise the definition of SIDS. This became known as the San Diego definition and is the most current working definition of the disease. The general definition states that SIDS is "the sudden unexpected death of a previously healthy infant during sleep that remains unexplained after a review of clinical history, and a thorough case investigation including complete autopsy and death scene investigation." 6 This definition is more specific, inclusive, and allows for more consistency in diagnosis. There were also different categories for diagnosis depending on autopsy findings, which allowed the diagnosis to be stratified. The stratification of the diagnosis allowed cases to be more precisely monitored by public health officials and formalize practices among pathologists of separating cases by the degree of certainty of SIDS as cause of death. It would also reduce diagnostic confusion and identify cases that previously would have been excluded incorrectly from SIDS diagnoses. 6 In 2007, Bajanowski et al designed a study using standard autopsy protocol to classify cases of SIDS. 7 They defined diagnostic criteria for Category I SIDS that included cases with no significant pathologic changes on complete autopsy. Category II SIDS included cases with minor changes that may be associated with disease or functional disturbance but could not explain death. They also felt that the diagnosis should not be left up to one person, but that the information should be shared at a multidisciplinary meeting and the case be discussed completely before the diagnosis was finalized. 7 When defining SIDS one must also consider the triple risk hypothesis. 8, 9 Bergman wrote in 1970 that SIDS did not depend on any single characteristic, but an interaction of risk factors with variable probabilities. 10 Wedgwood refined this in 1972 with the triple risk hypothesis, consisting of general vulnerability, age specific risks, and precipitating factors. 8, 9 In 1994, Filiano and Kinney further refined the triple risk model, suggesting that three different conditions be met. The first condition is vulnerability in the infant, the second is a critical developmental period, and the third is an exogenous or outside stressor. 11 According to this hypothesis, SUID can only occur when all three conditions are present and therefore does not occur in "normal" infants but only in vulnerable infants with an underlying abnormality.
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Epidemiology
Since the 1960s there has been a decrease in the number of SIDS deaths, initially referred to as crib/cot deaths. 13 From 1960-1972, as recognition of sudden infant death as a syndrome was becoming known, the frequency of occurrence was decreasing. In 1960, there were 1.22 and 4.41 deaths per 1000 live births of white and black infants in Philadelphia, PA, respectively. This decreased to 0.61 and 3.64 by 1972. 13 A similar decrease in SIDS was also noted in Australia from 1980-2002. Australia introduced their Reduce the Risks campaign in 1991, which was associated with a decrease in SIDS deaths from 0.965 per 1000 live births to 0.515. They found that the decrease in SIDS was not related to a diagnostic shift or changes in coding systems.
14 From 1992-1999, the SIDS rate in the US decreased from 1.2 per 1000 live births to 0.67 per 1000 live births. 15 This decrease has been attributed to the initiation of the Back to Sleep campaign by the American Academy of Pediatrics (AAP) in 1992 and endorsed by the US Public Health Service in 1994. SIDS is currently the third leading cause of infant mortality behind congenital malformations and disorders related to short gestation. 16 There were 2327 deaths, estimated to be 0.54 deaths per 1000 live births, in 2006. 17 In 2007, there were 2453 deaths from SIDS, accounting for 8.4% of infant deaths for that year. This is 0.56 deaths per 1000 live births. 16 SIDS remained the third leading cause of infant death in 2008 and the leading cause of deaths among infants in the postneonatal period (1-12 months). 17 There has not been a significant change in the rate of SIDS deaths in the last 10 years. Unfortunately, there was an increase in the number of deaths attributed to SIDS in the US in 2009, continuing it as the number one cause of postneonatal death at 22% of deaths in that age group. Congenital malformations and disorders related to short ges-tation contributed to a higher number of actual deaths if the neonatal age group was also considered. 18 The true incidence of SIDS may not be known. This is related to a number of factors including the vague definition and diagnostic criteria, leading to diagnostic shifts and the use of other diagnoses such as accidental suffocation, positional accidental asphyxia, and indeterminate cause. 15 Deaths in the US from 2005-2008 show increased use of suffocation or undetermined cause of death for infants found in a nonideal sleep environment. 19 The evolving definition of SIDS and the more recent addition of unclassified sudden infant death to the definition of SIDS 6 may allow better classification of the disease moving forward and hopefully decrease any misclassification in the future. As more is learned about the risk factors and genetic factors predisposing to this syndrome, it may be discovered that some deaths originally attributed to SIDS were caused by disease processes that were unknown at the time of diagnosis. Eventually this diagnosis may no longer exist.
20
Risk factors
A number of risk factors associated with SIDS have been identified. If the triple risk hypothesis is followed, there are two categories of risk factors to consider: the intrinsic risk factors causing the vulnerability of the infants and the extrinsic factors related to the precipitating event. 21 Several genes have been identified that are associated with increased risk of SUID, but there is no single cause. 22 Investigations into the neurodevelopment of the brain and respiratory centers have focused on genes that might be associated with making an infant more vulnerable to SIDS. 23 Other inherited disorders associated with cardiovascular disorders and metabolic disorders have also been sought as an explanation of SIDS. The more information there is about specific genetic risk factors, however, the more difficult it becomes to pin a specific etiology to SIDS. Thus, the original description of the syndrome as multifactoral appears appropriate. 22 
intrinsic risk factors
Male gender is an intrinsic risk factor. Low birth weight and prematurity both contribute to increased risk of death from SIDS, [24] [25] [26] as do small for gestational age infants. 27 Included in the intrinsic risk factors are genetic polymorphisms that can lead to altered arousal, brainstem dysfunction, cardiac disorders, and metabolic alterations associated with increased risk for sudden and unexplained death. One of the most studied alterations is that of the 5HT system, which integrates several autonomic functions such as gasping, ventilation, thermoregulation, response to carbon dioxide and oxygen, and arousal from sleep. [28] [29] [30] [31] [32] [33] [34] [35] There are two known regions in the serotonin transporter gene (5HTT) known to alter its bioavailability. 36 Most studies show an association with long L and XL alleles of the 5HTT promoter and SIDS. 22 Filonzi et al showed an increase in L/L genotype in idiopathic apparent life threatening events and SIDS cases. They hypothesized that this marker may be a valuable tracer of SIDS risk in a subset of apparent life threatening event infants. 37 Two changes of the 5HTT gene have increased prevalence in SIDS cases: changes in the 5HTT linked promoter region and changes in the number of variable tandem repeats of intron 2. Long alleles of the promoter region were found more frequently in SIDS cases with homozygous L/L having the greatest frequency. Of note, no cases were found to have S/S genotype. Intron 2 alterations are important because of their functional role in gene expression. Alleles 10 and 12 were evaluated and noted to have increased frequency of SIDS in 10/12 and 12/12 infants. However, the numbers of 10 and 12 alleles were the same in both SIDS and control groups. 38 The long alleles are thought to be related to SIDS either through downregulation of presynaptic autoreceptors or through altered development of the brainstem. 38 Monoamine oxidase A is a mitochondrial enzyme that inactivates serotonin and noradrenalin in the human brainstem. It regulates serotoninergic signals through catabolism of vesicular serotonin in the presynaptic region. 37 In 2008, Nonnis Marzano et al was not able to show statistical significance of different genotypes with increased repeats, specifically the three-repeat allele, in SIDS cases. 38 Previous gene expression studies showed that the number of repeats in the gene is related to transcriptional efficiency of the gene. 39 Later studies showed a highly significant association of pooled low expressing MAOA alleles (two and three repeats) and SIDS. 40, 41 Interestingly, 3.5-and four-repeat alleles were noted to be protective. 42 This data was only statistically significant in male infants and was hypothesized to be because it was the first X chromosomal polymorphism associated with SIDS. 42 However, there were also studies that did not show this association. 43 Another gene associated with catecholamine synthesis and regulation of respiration is tyrosine hydroxylase. Allele 9.3 on this gene is associated with noradrenalin production. Courts and Madea and Klintschar et al independently were able to show an association between this gene allele and SUID. 44, 45 Many SIDS victims have an activated immune system at the time of death, which may make them more vulnerable. 46 Genes related to immune function have been evaluated including genes encoding complement components C4A and C4B, genes encoding interleukin-6 and interleukin-10 as well as tumor necrosis factor-α. Partial deletions of the complement C4 gene have been associated with SIDS. 47 Studies that investigated alterations of the gene promoter for interleukin-10 have been inconclusive. 48, 49 Most of these studies show alleles that have increased frequency in SIDS, but significance is still unknown. One hypothesis is that an impaired complement system together with acute infection may lead to SIDS. Another hypothesis is adenosine triphosphate depletion as a result of dysfunctional mitochondrial metabolism from mutations in mitochondrial DNA. There are alterations noted with single cases, but no recurrent mutation is known at this time. 22 Carnitine palmitoyltransferase-1 is an important enzyme in the mitochondrial oxidation of long chain fatty acids and in regulation of β-oxidation in response to systemic signals of energy availability. 50 Absence of this enzyme can lead to a hypoketotic, hypoglycemic encephalopathy and sudden death. 51 A variant of this enzyme (p.P479L), which has decreased activity, has a higher prevalence in aboriginal communities across North America including Greenland, Nunavut, Northwest Territories, and Alaska. Homozygotes for this variant were over represented in SUID cases in British Colombia in 1999-2009. 50 There have also been studies related to genetic alterations causing a physiologic effect such as long QT syndrome. 52 Long QT syndrome can be caused by mutations of genes encoding ion channels such as: KVLQT1, HERG, SNC5A, KCNE1, and KCNE2. 53 Animal studies have shown that hypoxia can lead to downregulation of cardiac ion channels. In a mouse model it was demonstrated that maturation of the cardiac conduction system is oxygen dependent. 54 Elevation of cardiac hypoxia signaling led to arrhythmia and death in mouse pups. Neary et al hypothesized that hypoxia could be an important trigger for prolonged QT and subsequent death by downregulation of sodium, potassium, and calcium channels in the myocardium. 54 There have also been many studies showing genes associated with alterations in SCN5A and SIDS. 53 Mutations in KCNJ2 were also noted to be more frequent in SIDS cases than controls. 22 Some metabolic conditions have been hypothesized to be related to SUID. Medium chain acyl-CoA dehydrogenase deficiency is the most common inherited disorder of fatty acid metabolism and is very frequently associated with a specific mutation (A985G) of exon 11 on the medium chain acyl-CoA dehydrogenase gene. 55 Several studies failed to find an association with increased frequency of SUID. 56, 57 The studies did show the importance of evaluating for fatty oxidation disorders as the cause of death in suspected SIDS deaths, but if found these deaths would not be classified as SIDS. 20 The newest studies are looking at factors related to development and function of the respiratory and autonomic centers of the brain. Bejjani et al hypothesized that the apoptosis in SIDS dorsal motor nucleus of the vagus is initiated by a hypoxic stimulus with resultant intermittent hypoxia being caused by several neurotransmitter receptor systems. 58 Previous studies showed increased apoptosis, delayed maturation of neurons, and decreased number of neurons in this region of the brain. They incorporate this and many of the above mentioned genes and receptor systems (5HT receptors, tyrosine hydroxylase, acetylcholine and its receptors). Their proposed mechanism for SIDS is based on decreased neuronal growth, increased programmed cell death, and changes at the neurochemical level within the dorsal motor nucleus of the vagus. 58 One of the main sites of central chemoreception and respirator drive is the retrotrapezoid nucleus, a cluster of neurons on the ventral surface of the medulla oblongata. Cat studies have allowed researchers to identify the location of this center. 59 In humans, it is suspected to be at the pontomedullary junction ventral to the facial nucleus and lateral to the superior olivary nucleus. 60 It is known that increased acid in this area stimulates ventilation and that lesions or inhibition of neurons in this area leads to decreased breathing. Lavezzi et al hypothesized that developmental abnormalities of this region played a role in SIDS. They were able to show immature neurons or hypoplasia/agenesis and decreased expression for PHOX2B in this region in SIDS cases, and propose a potential mutation in PHOX2B that has not yet been identified. 61 
Extrinsic factors
There are many proposed mechanisms and genetic alterations that may predispose an infant to SIDS, but without a trigger death will not occur. 8 After the initiation of the Back to Sleep campaign in 1992, there has been a decrease in SIDS deaths in the US. It was initially noticed in Hong Kong in 1985 that few infant deaths were attributed to SIDS. It was custom for infants in that area to be placed supine for sleep. 62 European and Australian countries started having parents place infants supine for sleep in 1987-1992, which was followed by Canada in 1993 and finally the US in 1994. Infants have decreased slow wave sleep when placed supine as well as a decreased arousal threshold. After the initiation of this sleep- ing practice in the US there was a notable reduction in deaths attributed to SIDS. However, there were initial concerns that this practice might be associated with delayed milestones and social development. 63 The AAP then implemented "tummy time" recommendations while awake and head position changes for sleep to prevent positional plagiocephaly. The degree of developmental delay is related to the amount of time spent in the prone position while awake. 63 The initial AAP recommendation in 1992 to place infants on the back or side was changed to supine only in 1996 as side sleeping was associated with increased risk of SIDS.
Other sleep-associated risk factors are shared sleeping environment and presence of soft bedding. An examination of infant deaths in the US from 2005-2008 found that those classified as suffocation or undetermined were more likely to be found in a sleep environment not recommended for infant sleep such as shared sleep environment, soft bedding present in crib, infant sleeping on adult bed or other soft surface, and prone sleep position. 19 Although these risk factors for SIDS were initially described before it was known that soft bed surfaces and prone sleep position could lead to suffocation, these remain easily modifiable factors to prevent sudden infant death whether diagnosed as SIDS (diagnosis needs to remain unidentified) or other causes.
A firm sleep surface is recommended and should be devoid of soft bedding (pillows, toys, blankets) to prevent SIDS and suffocation. 64, 65 The mattress should have a fitted sheet and should be the appropriate size for the crib. Infants should not sleep in an adult bed or with other persons especially if they have taken medication that increases fatigue, have consumed alcohol, smoked, or are excessively tired. It is recommended in the US that all infants share a room with parents, but not share a bed. In breastfed infants, this may also facilitate breastfeeding. If the infant is brought to the adult bed for feeding, he or she should be returned to the crib prior to the parent falling back to sleep. 64, 65 In Australia and the UK, it is acknowledged that many parents choose to bed share for cultural or other reasons and a risk minimization approach is used. It is recommended that an adult bed with some safety measures is safer than falling asleep on the sofa or in an armchair. 66 Infants that participate in bed sharing are at increased risk for SIDS in certain circumstances. 67 Healthy infants with no other known SIDS risk factors experience more oxygen desaturation preceded by central apnea and rebreathing during bed sharing experiences. This may be related to the infant being in a warmer microenvironment. Oxygen desaturation is generally mild and associated with warmer temperature, but healthy infants respond appropriately to these stressors. 67 There is concern that more vulnerable infants may not be able to respond to these extrinsic stressors.
Temperature control is also an important risk factor for SIDS. Overheating is an independently associated risk factor for sudden infant death. 66 Infants who died of SUID from October 1988 to September 1990 in Tasmania, Australia were evaluated for room temperature and thermal insulation. Ponsonby et al found that infants who died of SIDS were overdressed for the room temperature compared with control infants and more often in the prone position. Prone positioning can reduce heat loss by decreased body surface area available for heat loss. There could also be decreased respiratory heat loss caused by facial obstruction in the prone position or when extraneous bedding is found at the death scene. 68 There was a small study (N = 28) of genes encoding heat shock proteins that revealed a significant association between the loss of a fragment of hsp60 and SIDS. 20, 69 The use of soft bedding, pillows, and specifically infant sleep positioners is not recommended. 70 Infant sleep positioners have been reported to be present in the bed of some infants who died of unintentional suffocation. Although the US Food and Drug Administration has approved some devices for management of reflux or plagiocephaly, most devices are marketed to the general public to prevent SIDS and improve infant sleep comfort. These devices can be dangerous and lead to suffocation of the infant and are therefore not recommended by the AAP. 64, 65, 70 It is well known that breastfeeding is the preferred nutrition for most infants. It helps to improve their immune systems and decreases incidence and frequency of gastrointestinal and respiratory illnesses in the first year of life. 71 There are studies that show improved cognitive function in breastfed infants as well as improved maternal infant bonding. 72 There may also be decreased incidence of atopic and inflammatory bowel diseases as an adult. 73, 74 In 1987, the National SIDS Council of Australia held a meeting to review evidence in relation to risk factors for SIDS. In 1991, they started the Reducing the Risks of SIDS campaign, in which breastfeeding was included as a protective factor. In 1997, the council removed breastfeeding from the official recommendations as the evidence was inconclusive after correcting for other well-known risk factors. But in 2012, breastfeeding as a protective factor was again added to the SIDS and Kids Safe Sleeping national public health campaign in Australia. 75 The AAP Task Force on SIDS has also included breastfeeding as a risk reduction strategy for SIDS in its most recent recommendations. 64 Currently, the International Society for the Study and Prevention of Infant Death, much of Europe, and Australia differ from the AAP in regard to pacifier use. The AAP recommends using a pacifier, 64 whereas the other organizations recommend that they should be used only if the parents choose to use a pacifier and that pacifier use should be delayed 4-6 weeks until breastfeeding is well established. 75 All of the organizations agree that pacifiers should not be reinserted after the infant falls asleep and should be delayed until breastfeeding is well established (AAP guidelines recommend 3-4 weeks as opposed to 4-6 weeks). 65, 75 Additionally, it is known that prenatal tobacco exposure increases an infant's vulnerability. Fifer et al reported that prenatal smoking and or alcohol exposure is associated with alterations in autonomic control during sleep in the first few days of life. 76 Maternal tobacco use was associated with decreased beat to beat variability in quiet sleep of Native Americans of the Northern Plains. Heart rate variability was not altered during periods of movement in active sleep but the average heart rate was lower. 76 Smoke-exposed infants also have decreased progression from subcortical activation to cortical arousal at 2-4 weeks and 5-6 months post gestational age. Exposure to tobacco in these infants impaired arousal processes to trigeminal stimulation and is thought to be a risk factor for SUID. The effect was dependent on the amount of urinary cotinine, a nicotine metabolite, measured at 2-3 months of age. This suggests that smoking is not only a risk factor in utero, but also from postbirth exposure. 77 Kinney hypothesizes that nicotine in maternal cigarette smoke may bind to receptors on 5HT neurons in the fetal medulla and adversely affect development and function. This may be directly toxic to 5HT metabolism. Smoking during pregnancy is associated with a 41% reduction in 5HT binding in the human arcuate nucleus in the postnatal period. 23 Given the vulnerabilities and environmental risk factors that are known to be associated with SUID, it is small wonder that infant deaths are still attributed to this syndrome. Nevertheless, given that environmental risk factors can be modified, why have SIDS rates remained relatively unchanged over the last 10 years? Barriers to appropriate sleep conditions may be one factor. Poets et al described increased desaturation episodes when sleeping supine. 78 Parental concerns that the infant will choke may be one reason that infants are still placed prone or in a side lying position for sleep. The observation that there has not been an increase in mortality attributed to aspiration in association with an increase in the prevalence of supine sleep positioning should serve to diminish that concern. 79 It cannot be overlooked that in the US SIDS disproportionately affects infants and families of African Americans, Native Americans, and Alaskan Natives. 80 The higher prevalence of young, single mothers with low educational attainment in the African American population contributes greatly to their higher risk of SIDS. Also, Native American and Alaskan Native infants have a higher incidence of exposure to smoke and bed sharing, while black infants are more likely to be placed in a prone position for sleep. 81 Parent beliefs about SIDS play an important role in how they take care of their infants. Many parents do not understand the link between pediatrician recommendations and the death of their infants. They feel that vigilance is the most effective prevention for sudden death. 44 Some families cannot follow the recommendations for financial or space reasons. Others may have mothers that cannot breastfeed for medical or other reasons. More research is needed to determine the best alternative for families that want to follow the guidelines but physically cannot do so. And more importantly, increased awareness of SIDS and education on prevention techniques needs to be provided to the public. Increased attention should be in areas of higher incidence and populations with increased risk such as African American and Native American communities. Given the current knowledge of risk factors for SIDS, extrinsic/environmental factors account for the largest proportion of SIDS deaths and offer the most modifiable factors to reduce the risk for sudden infant death.
Conclusion
Are we any closer to identifying which infant will be affected? It is understood that SIDS is a multifactoral process. A great deal has been learned about the risk factors that predispose vulnerable children to death during infancy in the last 43 years. Children at increased risk are able to be better identified, but not which children will succumb to SIDS. It is known that modification of extrinsic and environmental risk factors is the best way to prevent sudden infant death. Supine sleep has had a significant impact on prevention of SIDS, but a safe sleep environment is more important than just supine positioning. The AAP remains dedicated to the promotion of a safe sleep environment for all infants and have renamed the campaign Safe to Sleep. The campaign promotes educating parents on a safe sleep environment from birth and providing consistent reminders at all well child visits until 1 year of age. Thus, attention to modifying the extrinsic risk factors for SIDS through education of the most vulnerable populations appears to be the best strategy currently available to continue to chip away at the occurrence of this puzzling syndrome. 
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